Introduction
From the fundamental viewpoint, the study of electronic and optical properties quantum dots (QDs) based on the Cd 1-x Zn x S ternary alloy is attracting a considerable interest. This is mainly due to their specific characteristics like size quantization, zero -dimensional electronic states, non linear optical behaviour… [1] [2] [3] [4] [5] [6] [7] [8] .
On the subject of the growth methods used to prepare Cd 1-x Zn x S QDs, we can cite the inverted micelles [9] , the selective area -growth technique [10] , the single source molecular precursors [11] , the colloidal method [12] and the Sol gel technique [1] .
Concerning the nanostructure devices design, one of the most prominent topics is to use nanostructures containing tunneling -coupled QDs as an active element. In this framework, we have made some theoretical investigations of superlattices based on Cd 1-x Zn x S quantum dots embedded in an insulating material [13] [14] [15] [16] [17] .
To describe the QDs, we have adopted the flattened cylindrical geometry with a finite potential barrier at the boundary. In Ref [14] , we have used the Kronig-Penney model to illustrate the confinement potential. Thus, we have calculated the ground and the first excited minibands for both electrons and holes. We have also computed the longitudinal effective mass. Calculations were carried out as a function of the Zn composition and the interquantum dot separation. In Ref [15] , we have used the sinusoidal potential to model the confinement of the carriers. Within this model, we have studied the ground and the first excited minibands for electrons as a function of inter-quantum dot separation for different zinc compositions. In Ref [16] , using the triangular potential model, we have calculated, for electrons, heavy holes and light holes, the  1 Γ miniband and the longitudinal effective mass versus the Zn composition and the inter-quantum dot separation as well.
The goal of the present work is to investigate systematically the coupling in superlattices made by Cd 1-x Zn x S QDs having a flattened cylindrical geometry with a finite potential barrier at the boundary. Calculations have been carried out as a function of Zn composition going from CdS to ZnS using the Tight Binding Approximation (TBA). The paper is organized as follows: after a brief introduction, we present the theoretical formulation, in the following we report the numerical results obtained, conclusions derived from this study are given in the last section.
II. Theoretical Formulation
In a realistic description, the electronic properties of Cd 1-x Zn x S QDs embedded in a dielectric matrix have to be studied theoretically using spherical geometry. Based on this model, two methodologies have been proposed to describe the potential energy, a potential with an infinite barrier [1-3, 18, 19] and a potential with a finite barrier [7, 8] at the boundary. The latter potential has the advantage to consider the coupling between QDs. Nevertheless, it presents a big difficulty concerning the determination of the band edges for coupled QDs. Fig. 1-a shows the geometry used to describe a chain of Cd 1-x Zn x S QDs. The common confined direction is denoted by z. The inter-quantum dot separation is labelled d which corresponds to the period of the structure. Along a common direction of spherical Cd 1-x Zn x S QDs, electrons and holes see a succession of flattened cylinders of radius R and effective height L. According to that reported in Ref [1] , the diameter D = 2R
The electronic band parameters calculated by the Tight Binding Approximation for Cd 1-x [13] , one can note that L is lower than D and therefore the quantum confinement along transversal direction can be disregarded. Consequently, the Cd 1-x Zn x S multi -quantum dot system being studied can be considered as a QDs superlattice along the longitudinal confined direction. Thus, the system to investigate is a Cd 1-x Zn x S QD superlattice where the Cd 1-x Zn x S flattened cylinders QDs behave as wells while the host dielectric lattice forms a barrier of height U 0 . For the sake of simplicity, the electron and hole states are assumed to be uncorrelated. The problem to solve is, then, reduced to those of one particle in a one dimensional potential. In this work, we consider the potential depicted in Fig. 1-b . Such a potential can be expressed as:
The subscripts e and h refer to electrons and holes respectively and n is the nth period. For this potential, the electron and hole states can be calculated using the effective Hamiltonian:
where  is the Plank's constant and * m is the effective mass of carriers. In deriving the Hamiltonian H e,h , we have adopted the effective mass theory (EMT) and the band parabolicity approximation (BPA). The mismatch of the effective mass between the well and the barrier has been neglected. Values of the electron and hole effective masses, as adopted for CdS and ZnS [14, 17] , are listed in Table 1 . These two parameters for Cd 1-x Zn x S with different Zn compositions have been deduced using the Vegard's law. We have resolved the Schrodinger equation using the Tight Binding Approximation. Our calculation shows that the
Γ miniband width is given by:
where 
Here, E 1e corresponds to the lowest energy of electrons, E 1hh is the lowest energy of heavy holes and E 1lh is the lowest energy of light holes. All these energies are associated with an isolated flattened cylindrical quantum dot of Cd 1-x Zn x S.
III. Results
In a first phase, we have calculated, for electrons, the width Typical results are depicted in Fig.2 . In addition, these results were fitted by polynomial laws as a function of x for the different inter-QD separations studied and summarized in Table. 2. [14] [15] [16] . As can be seen, practically, for all the compositions and inter-QD separations studied, the miniband widths of the present work are higher compared to those obtained by the other potential models. The reason consists on the hypothesis adopted within the Tight Binding Approximation. In a second phase, we have calculated, for the heavy holes and light holes, the
This parameter is denoted for these carriers by hh E 1 
and lh E 1  respectively. Calculations were also carried out for the inter-sheet separations and Zn compositions studied. The parameters used are reported in Table 1 .
The results are depicted in Fig.3 and Fig.4 . Besides, these results were fitted by polynomial laws and reported in Table 4 and Table 5 . electrons but also the light holes especially for short SL periods. These results are mainly due to the difference in effective masses between the electrons and light holes on the one hand and the heavy holes on the other hand.
IV. Conclusion
We investigated the electronic properties of nanostructure based on Cd 1-x Zn x S embedded in a dielectric matrix for compositions ranging from CdS to ZnS. To describe the QDs, we have adopted the flattened cylindrical geometry with a finite potential barrier at the boundary. Using the Tight Binding Approximation, we have calculated, in a first phase, the 1 Γ -miniband for electrons. Calculations have been made as a function of Zn composition for different inter -quantum dot separations. An analysis of the obtained results has evidenced that the Zn composition x = 0.4 is expected to be the most favorable to give rise a superlattice behavior for the Cd 1-x Zn x S quantum dots studied. For heavy holes, the 1 Γ -miniband is shown to be lower in comparison with the electron miniband. This result reflects the strong localization character of heavy holes in the Cd 1-x Zn x S nanostructures. As for the light holes, the width magnitude order of 1 Γ -miniband is slightly lower to the one of electrons. Moreover, as has been demonstrated, the Cd 0.2 Zn 0.8 S system is the more appropriate to exhibit a superlattice behavior for light holes especially when the superlattice period is low. In the applied physics, this study can open a way for designing a new family of nanocrystal devices based on Cd 1-x Zn x S QDs particularly the non -volatile memories.
